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Introduction
The pathogenesis of sepsis is associated with dysregulation of the innate and adaptive immune system. The underlying mechanism of the adaptive immune system includes antibodies-immunoglobulins. While having multiple functions (Casadevall and Pirofski, 2011) , protection against infection is among the most important. Intravenous administration of immunoglobulins (IVIG) is a therapeutic immunomodulatory option in septic patients. A number of studies have documented a beneficial effect of IVIG on mortality rates for this patient population, but most of the trials were small, and the evidence of efficacy is limited (Alejandria et al., 2013) . Current guidelines for sepsis management do not recommend IVIG use in the treatment of septic patients. Only a limited number of trials have been designed to determine the incidence of hypogammaglobulinemia in patients with systemic inflammatory response syndrome (SIRS), severe sepsis, and septic shock.
Our retrospective review was designed to determine the incidence of hypogammaglobulinemia in patients with SIRS, severe sepsis, and septic shock hospitalized in intensive care units (ICUs). Another goal was to determine the association between the incidence of hypogammaglobulinemia and mortality in individual patient groups.
Patients and Methods
Between 2003 and 2010, a total of 708 patients and 1,513 samples from three Czech hospitals were analyzed. The group included three basic subgroups. In the first and the second, the patients met the criteria severe sepsis or septic shock; our study did not include patients with community-acquired septic shock, they were exclusively patients with ICU-acquired septic shock. The third -control group -included patients after cardiothoracic and general surgery fulfilling SIRS criteria without the presence of infection. Given the retrospective design of the study and the fact no active intervention other than standard medical treatment was employed in all cases, the Institutional Review Board deemed informed consent unnecessary. The study was approved by the Institutional Review Boards of the Prague-based Na Homolce Hospital and Thomayer Hospital, and Klaudian's Hospital in Mladá Boleslav (a district hospital in Central Bohemia). The study has been performed in accordance with the 1964 Declaration of Helsinki and its later amendments. Patients' serum samples were analyzed for IgG, IgA, and IgM levels. SIRS, severe sepsis and septic shock were defined using standard criteria (Levy et al., 2003) . The first serum samples were obtained during the first 24 hours after fulfilling criteria. Because the participating centers were not consistent in indicating IVIG use, only the first sample was analyzed. Exclusion criteria included congenital humoral deficiencies, previous (within the last 3 months) administration of IVIG, previous immunosuppressive therapy with systemic corticosteroids (within the last 3 months), established protein-losing enteropathies or nephrotic syndrome, and neoplastic or proliferative hematological diseases.
All patients were evaluated by their demographic and clinical characteristics (Tables 1 and 2 ). Levels of procalcitonin (PCT), C-reactive protein (CRP) were assessed. The clinical outcomes of patients as well as the results of microbiological blood cultures were analyzed during their hospitalization. Hypogammaglobulinemia is defined as IgG levels less than 2 SDs below the mean for age. In our study hypogammaglobulinemia were defined as those < 600 mg/dl for IgG, < 70 mg/dl for IgA, and < 40 mg/dl for IgM. Given the literature (Lucas et al., 2010) and our experience with the management of patients with primary immunodeficiency, i.e. common variable immunodeficiency (CVID), we divided our patients with IgG hypogammaglobulinemia into two subgroups, i.e. those with IgG levels of 400-600 mg/dl and those with IgG levels < 400 mg/dl. Patients with CVID have shown that IgG levels < 400 mg/dl are associated with the development of severe infections.
Statistical analysis
The descriptive statistics and all tests were performed using STATA 12 software. The Kruskal-Wallis a quality of populations rank test was used for bivariate analyses. Logistic regression was used to analyze associations of low serum levels of immunoglobulins A, G and M with outcome. To create categorical variables, Ig levels were dichotomised at 600 mg/dl, 70 mg/dl and 40 mg/dl for IgG, IgA and IgM, respectively. The significance of associations was determined by the rate ratio (RR), statistically significant probability and a 95% confidence interval not including the value 1. Confounders were determined by changes in the regression coefficient of more than 15% after removal of the variable.
Results

Patient characteristics by their PCT and CRP levels
A total of 1,513 analyses were performed using samples obtained from our 708 patients. Repeat analyses were undertaken in 117 patients, with only the first values analyzed. Of the 708 patients, 452 and 45 patients met the criteria for severe sepsis and septic shock. Systemic inflammatory response syndrome criteria were met by 211 patients without evidence of an infectious focus. Procalcitonin levels at time of IgG sampling were significantly higher in patients with severe sepsis (median 2.83 ng/ml, interquartile range (IQR) 1.11-12.88 ng/ml) and septic shock (median 12.3 ng/ml, IQR 2.56-32.18 ng/ml) compared with patients with non-infectious SIRS (median 0.71 ng/ml, IQR 0.37-1.36 ng/ml; p=0.0001). C-reactive protein levels in the groups of patients with severe sepsis (median 126.1 mg/ml, IQR 80.1-193.2) septic shock (median 172.3 mg/ml, IQR 98.4-280.4) were statistically significantly higher compared with CRP levels in non-infectious SIRS patients (median 85 mg/ml, IQR 54.7-150.9; p=0.001).
Presence of hypogammaglobulinemia is associated with increased mortality
IgG hypogammaglobulinemia was demonstrated in 114 patients with severe sepsis (25.2%), 11 septic shock patients (24.4%), and in 29 SIRS patients (13.9%). The incidence of IgG hypogammaglobulinemia in the groups of patients with severe sepsis and septic shock did not differ significantly. Mortality of patients with severe sepsis and normal IgG levels was significantly lower (111 patients; 32.8%) compared with those with IgG hypogammaglobulinemia (49 patients; 41.2%; p=0.001; Figure 1 ). In multivariate logistic regression the odds ratio of not surviving was 2-times higher in patients with hypo IgG (2.0; p=0.002, 95% CI 1.3-3.2) than in patients with normal levels of IgG. Mortality of patients with septic shock and documented IgG hypogammaglobulinemia (n=5) was significantly higher compared with those with normal IgG levels (45.5% vs. 38.2%; p=0.001; Figure 1) . Mortality of SIRS patients with hypogammaglobulinemia IgG was significantly higher compared with patients without it (30% vs. 10.6%; p=0.001). IgA hypogammaglobulinemia was noted in 12 patients with severe sepsis (2.7%), one septic shock patient (2.2%), and 6 SIRS patients (2.3%). IgA hypogammaglobulinemia and mortality was not assessed because of the small number of patients. IgM hypogammaglobulinemia was documented in 55 patients with severe sepsis (12.2%), 6 septic shock patients (13.3%), and in 17 SIRS patients (8.1%). Mortality of patients with severe sepsis and IgM hypogammaglobulinemia did not differ from that of patients with normal IgM levels (37.0 vs. 41.8%; Figure 2 ). Mortality of patients with septic shock and IgM hypogammaglobulinemia was significantly higher compared with septic shock patients with normal IgM levels (50% vs. 38.5%; p=0.001; Figure 2 ), but very low number of patients were investigated -only in 6 patients with septic shock was documented IgG hypogammaglobulinemia. Mortality of patients with SIRS and IgM hypogammaglobulinemia did not differ from mortality SIRS patients and normal IgM levels.
Severity of hypogammaglobulinemia and mortality
IgG levels < 6 g/l and > 4 g/l were determined in 86 severe sepsis patients (47.7%) and 11 patients with septic shock (52.3%; p=NS). IgG levels < 4 g/l were documented in 28 patients with severe sepsis (6.1%) and in 2 patients with septic 
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Prague Medical Report / Vol. 114 (2013) No. 4, p. 246-257 Hypogammaglobulinemia in Patients with Sepsis shock (2.9%; p=NS). Among SIRS patients IgG levels of 4-6 g/l were found in 22 patients (10.5%) while IgG levels < 4 g/l were present in 7 patients (3.3%).
Mortality of patients with severe sepsis and IgG hypogammaglobulinemia 4 -6 g/l was significantly lower (47.7%) compared with patients shown to have IgG levels < 4 g/l (64.3%; p=0.001). Among SIRS survivors, IgG hypogammaglobulinemia was present in 17 patients (10%) whereas among deceased patients was present in 12 patients (30%; p=0.001).
Discussion
Our study showed the prevalence of hypogammaglobulinemia was significantly increased in patients with sepsis and septic shock as well as in SIRS patients. Another important finding was that of an association between hypogammaglobulinemia and increased mortality rates of patients. The issue of presence of hypogammaglobulinemia in sepsis patients is of utmost importance, as intravenous immunoglobulin (IVIG) administration is one of the few options available to modulate the immunodeficiency developing in some patients.
The results of our study demonstrating that the incidence of hypogammaglobulinemia in septic shock patients is consistent with data reported by Taccone et al. (2009) and Myrianthefs et al. (2010) . Both authors provided evidence of hypogammaglobulinemia in septic shock patients. Our findings in patients with severe sepsis and SIRS are unique in this respect. The cause of decreased antibody levels in sepsis patients is multifactorial. Systemic infection is associated with increased antibody consumption due to neutralization of endotoxins and exotoxins, and bacterial clearance. Another reason for low antibody levels is decreased rates of B cells associated with sepsis. Hotchkiss and colleagues (1999) demonstrated in sepsis patients that immunecell death and depletion was also mediated through apoptosis. A prospective study in adult patients compared spleens obtained either intraoperatively or within 6 hours of death from sepsis or trauma, and found that those from septic patients showed a marked decrease in B cells. Further, the rate of antigen-specific antibody production is also decreased already in the early phase of systemic infection (Mohr et al., 2012) . Other factors involved in the decrease in antibody levels in the vascular bed include enhanced vascular permeability and increased catabolism rates. Compared with the study by Taccone et al. (2009) , the incidence of hypogammaglobulinemia was markedly lower in our study, with our results comparable with those of the Greek authors. Our study did not include patients with community-acquired septic shock; they were exclusively patients with ICU-acquired septic shock. Systemic inflammatory response syndrome patients were those undergoing cardiac surgery and general surgery procedures. These patients may have developed hypogammaglobulinemia secondary to blood losses occurring during surgery.
An important finding of our study is the association between hypogammaglobulinemia and increased mortality in all three subgroups of patients, i.e. those with severe sepsis, septic shock, and SIRS. In this context, one should ask whether it is the hypogammaglobulinemia which is the cause of increased mortality rates, or it is just an epiphenomenon of these serious conditions. Based on the results of our and other studies conducted to date, no conclusive answer can be provided. If assessing patients with other diagnoses related to decreased rates of antibody production, there is a clear association between decreased antibody levels and incidence of infections. For example, the diagnosis of common variable immunodeficiency (CVID) is associated with frequent development of severe infection (Oksenhendler et al., 2008) . Because of the permanently impaired antibody production, these patients are doomed to lifelong IVIG administration. Another group of patients with impaired antibody production are those with chronic lymphatic leukemia. Intravenous immunoglobulin administration, while decreasing the incidence of severe infection, has no impact on mortality in this population (Raanani et al., 2009 ).
Our study clearly documented an association between mortality and present IgG hypogammaglobulinemia. This association varied depending on the severity of hypogammaglobulinemia and diagnosis (severe sepsis or septic shock). Higher mortality rates were demonstrated in patients with severe sepsis and IgG hypogammaglobulinemia, while mortality of patients with IgG levels < 4 g/l was higher than that of individuals with IgG levels of 4-6 g/l. Similarly, we documented increased mortality rates in patients with IgG hypogammaglobulinemia and septic shock. Still, there was no difference in mortality between patients with IgG levels of 4-6 g/l and those with IgG levels < 4 g/l (44.2% vs. 50% resp.). This might suggest a different impact of documented IgG hypogammaglobulinemia in these two disease entities of different clinical relevance. No assessment of IgA hypogammaglobulinemia was made in our study because of the small number of patients. Mortality rates of patients with documented IgM hypogammaglobulinemia were appreciably higher comparing to patients with euglobulinemia IgM in the septic shock subgroup, while not being markedly different in the subgroup with severe sepsis. Here again, one could speculate about a different impact on IgM hypogammaglobulinemia on mortality in terms of clinical outcome in patients with severe sepsis or septic shock. However, it should be underlined, when assessing the importance of different mortality rates in documented IgM hypogammaglobulinemia, the total number of patients with documented IgM hypogammaglobulinemia was low, a mere 6 patients, hence caution should be exercised when considering the different mortality rates.
The above facts necessarily make one to ask another question. Does the presence of hypogammaglobulinemia require IVIG administration? Based on the differences in the mortality of patients "with" and "without" hypogammaglobulinemia, this question seems to be most reasonable, particularly if considering the seriousness of hypogammaglobulinemia and established diagnosis. However, IVIG use in sepsis patients has long been the subject of controversy. Current guidelines do not recommend IVIG use as a routine part of the management of sepsis (Dellinger et al., 2013) , however this recommendation is not specifically formulated for septic patients with hypogammaglobulinemia. The effect of IVIG use in septic patients was recently examined in three meta-analyses. It should be noted that, in the studies, IVIG was administered regardless of the presence/absence of hypogammaglobulinemia. The meta-analysis by Laupland et al. (2007) evaluated 14 randomized trials published between 1988 and 2006. The studies included patients with severe sepsis or septic shock, and assessed the effect of IVIG on mortality. The meta-analysis demonstrated a significant reduction in mortality in IVIG-treated patients (odds ratio 0.66; 95% CI 0.53-0.83; p<0.0005). A greater therapeutic effect was seen in studies of inferior quality in terms of methodology and in studies with higher IVIG doses. Turgeon et al. (2007) evaluated studies published between 1996 and 2006. Of the 4,096 identified studies the authors selected 20 with 2,621 patients, and documented a beneficial effect of IVIG used on mortality (RR ratio 0.74; 95% CI 0.62-0.89; p=0.001). A meta-analysis by Kreymann et al. (2007) also showed a beneficial effect of IVIG administration on mortality in adult patients (RR 0.79; CI 0.69-0.90; p<0.0003) as well as in a population of children and neonates (RR 0.56; 95% CI 0.42-0.74; p<0.0001). By contrast, the multicentric SBTIS (score-based immunoglobulin G therapy of patients with sepsis) trial (653 patients) did not show a beneficial effect of IVIG use on mortality if given at a dose of 0.9 g per weight in kg (Werdan et al., 2007) . Consistent with data from clinical trials, it has long been assumed that IVIG use in newborns with sepsis is clearly beneficial. However, an Australian, well-designed multicentric trial published in 2011 did not show a beneficial effect of IVIG on mortality of septic newborns (INIS Collaborative Group, 2011) .
Despite this, some centers do use IVIG on a routine basis. An Italian study demonstrated the benefit of IgM-containing IVIG use in the early phase of severe sepsis and septic shock (Berlot et al., 2012) , and a study by Rankin et al. (2011) suggested a beneficial effect of IVIG in patients undergoing cardiac surgery.
A special group of infectious disease and/or sepsis embraces streptococcal and staphylococcal septic shock and necrotizing staphylococcal lung infection with documented Panton-Valentine leucocidin (Raithatha and Bryden, 2012) . Patients with these conditions should be treated with IVIG at a dose of 1-2 g/kg weight for 3 days. It should be noted that experiments have shown a smaller effect of polyclonal immunoglobulins on the inhibition of the staphylococcal superantigen compared with the streptococcal one; hence the recommendation to use a higher dose in patients with staphylococcal septic shock. While no large randomized trials have been published to date, occasional case reports suggest the usefulness of IVIG treatment (Darenberg et al., 2004) .
A recent publication reported the identification of a new population of B lymphocytes playing a major role in antibody production and protection against infection (Rauch et al., 2012) . In contrast, another experimental study did not demonstrate a major impact of functional antibody immunity on the outcome in sepsis. The absence of functional B lymphocyte had no effect on mortality of animals with sepsis (Bosmann et al., 2011) .
Also relevant is the balance -or imbalance of pro-and anti-inflammatory activity present in sepsis. An argument raised against intravenous immunoglobulins is their non-standard nature (Vassilev and Bauer, 2012) due to the technique of their production. This non-standard nature is potentially related to the presence of antigen-specific antibody in these products. However, as regards their immunomodulatory action, it has been shown that the IVIGs marketed by different manufacturers act via a uniform mechanism based on modulated signalling (Maddur et al., 2013) . Regarding the mechanisms of the immunomodulatory actions, a pivotal tole is played by the IgG Fc receptor (Smith and Clatworthy, 2010) . To date, three types of Fcγ receptors, FcγRIII(CD16), FcγRII(CD32), and FcγRI(CD64), have been identified. These receptors are expressed on immunocompetent cells and are currently viewed as one of the most important regulators of the immune response. In terms of immunity regulation, the dominant receptor among the above three is FcγRII. Various forms of the FcγRII receptor have been identified, each having a different function, FcγRIIA, FcγRIIB, and FcγRIIC, with only FcγRIIB exerting an inhibitory action. This immunomodulatory function comes into play should infection or inflammatory autoimmune disease develop. In the case of infection, the orchestrated action of IgG antibody bound to the pathogen and activated Fcγ receptor results in pathogen removal via a process referred to as antibodydependent cell-mediated cytotoxicity (ADCC). The Fcγ receptors are also involved in toxin neutralization by binding to IgG antibody. As regards infectious disease, there is evidence that FcγRIIB affects not only pathogen clearance but, also, the intensity of the inflammatory response and/or transition from infection control to uncontrolled SIRS and septic shock (Anthony et al., 2011) . In a very recent study using a model with transgenic mice, the authors showed that the anti-inflammatory effect of IVIG is based on modulation of IL-33 and IL-4 expression (increased production) with subsequent modulation of FcγRIIB receptor expression. The result is suppression of antibody-mediated inflammation (Chong and Chong, 2010) . Hence, the mechanism is based on opposing inflammation through the Th2 immune response, a pathway with interesting implications in the area of IVIG immunomodulatory action in sepsis.
Recently, there has again been debate over the issue of comparing the efficacy of IgM-enriched IVIGs (Pentaglobin). According to some studies, this therapeutic option is more effective than therapy using conventional polyvalent IgG agents (Yavuz et al., 2012) . In this context, an interesting finding was reported by an experimental study comparing IVIG with selectively removed isotype IgG versus IgM antibodies, with higher mortality rates shown in the arm of animals treated with IVIG with selectively removed isotype IgG antibodies (Moitra et al., 2012) .
Our study does not provide an answer to the question of IVIG administration as the participating centers were not consistent in indicating IVIG use making evaluation of any therapeutic effect impossible.
Our study has some limitations. Given its retrospective nature, we were unable to assess the IgG subclass levels and their potential association with mortality data. Regarding the different immunoglobulin substitution policy in the hospitals, we only assessed the initial immunoglobulin level so these would not be confounded by any subsequent administration of IVIG. Neither did we assess the effect of IVIG use on mortality in patients with documented IgG hypogammaglobulinemia.
In conclusion, we documented relatively high frequency of hypogammaglobulinemia IgG and IgM in patients with severe sepsis, septic shock and SIRS respectively. The presence of IgG hypogammaglobulinemia in patients with severe sepsis is an independent factor of mortality. The role of hypogammaglobulinemia in patients with severe sepsis and septic shock as well as in some patients with SIRS of non-infectious etiology clearly warrants future controlled clinical trials with IVIG use in these patient populations.
